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Spring  system. 

©  A  spring  system  for  resiliency  supporting  a  mass 
(21)  to  be  subjected  to  loads  relative  to  a  base  plate 
(1).  The  system  comprises  a  resilient  support  mem- 
ber  (11)  movable  between  the  base  plate  (1)  and  the 
mass,  which  support  member  (1  1  )  has  an  upper  end 
movably  coupled  to  the  mass  (21).  The  bottom  end 
of  the  resilient  support  member  (11),  located  oposite 
the  upper  end  and  facing  the  base  plate  (1)  is 
omnidirectionally  pivotable  about  its  centre  line  by 
means  of  a  pivot  (22)  which  is  fixed  relative  to  the 
base  plate  (1).  Resilient  centring  means  (3)  are  pro- 
vided  to  cooperate  with  the  resilient  support  member 

r»(11)  for  radially  supporting  the  resilient  support 
^member  (11)  relative  to  its  fixed  pivot  (22). 
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Spring  system 

This  invention  relates  to  a  spring  system  for 
resiliency  supporting  a  load,  for  example  a  mass  to 
be  subjected  to  a  shock  load,  relative  to  a  base 
plate. 

In  order  to  be  able  to  absorb  a  shock  load,  the 
spring  system  should  be  able  to  undergo  relatively 
large  displacements  relative  to  the  base  plate  in  all 
directions,  i.e.,  omnidirectionally.  Desirably,  the 
spring  system  should  be  arranged  so  that  the  ac- 
celeration  forces  acting  on  the  mass  are  reduced  to 
acceptable  values,  and  further  be  operative  to  en- 
sure  that,  after  the  shock  load,  the  spring  system 
returns  to  its  starting  position  as  accurately  as 
possible. 

A  spring  system  of  this  kind  for  omnidirec- 
tionally  absorbing  a  shock  load  is  known,  for  exam- 
ple,  from  Netherlands  patent  application  82  03630, 
and  comprises  a  cylindrical  housing  mounted  on  a 
base  plate,  an  annular  member  being  arranged  at 
the  top  of  said  housing,  which  member  is  bounded 
on  its  inside  by  a  spherical  segment  serving  to 
guide  a  complementary  spherical  segment  in  the 
form  of  a  spherical  cap,  and  having  a  central  open- 
ing  fixedly  mounting  a  sleeve-like  housing  forming 
part  of  a  resilient  element  under  pressure,  which  is 
coupled  to  the  mass.  The  spherical  cap  is  held  in 
position  in  the  annular  member  by  pre-compressed 
resilient  means  arranged  between  the  spherical  cap 
and  annular  element,  on  the  one  hand,  and  the 
base  plate,  on  the  other. 

As  a  result  of  a  shock  load,  due  to  the  radial 
component  thereof,  the  support  member  which  is 
guided  with  its  complementary  spherical  segment 
along  the  guiding  spherical  segment  of  the  annular 
element,  will  be  going  to  tilt,  and  subsequently, 
when  the  shock  load  is  removed,  will  return  to  its 
starting  position. 

One  disadvantage  of  such  a  spherical  construc- 
tion  is  that  a  great  deal  of  grinding  work  must  be 
performed.  In  addition,  this  grinding  work  must  be 
done  with  great  accuracy  in  order  that  the  spherical 
surfaces  may  properly  slide  along  each  other,  and, 
in  particular,  for  the  accurate  repositioning  after  the 
shock  load.  Such  grinding  work  is  expensive. 

A  further  disadvantage  is  that  the  relatively 
sharp  edge  of  the  complementary  spherical  seg- 
ment  of  the  support  member  comes  to  project  from 
under  the  surface  of  the  annular  element  during  the 
tilting  of  the  support  surface,  and,  as  a  result  of  the 
shock  load  on  the  masss,  this  sharp  edge  will  strike  . 
the  subjacent  resilient  means,  which  may  cause 
plastic  deformations,  in  turn  resulting  in  scratches 
in  the  spherical  surface  of  the  annular  element,  as 
a  consequence  of  which  the  spherical  surfaces  will 
fail  to  slide  properly  relatively  to  each  other,  and 

may  jeopardize  accurate  return  into  the  starting 
position.  Consequently  frequent  shock  loads  will 
wear  the  spring  system  relatively  rapidly,  making 
the  same  unreliable. 

5  Another  disadvantage  is  that  the  resilient 
means  must  be  capable  of  absorbing  both  the  axial 
and  the  radial  impact  load  components,  and  also 
carry  the  weight  of  the  mass  being  supported,  as  a 
consequence  of  which  these  resilient  means  are  of 

w  relatively  heavy  construction  and  accordingly  con- 
tribute  to  a  relatively  bulky  and  heavy  spring  sys- 
tem. 

A  further  problem  is  that  the  resilient  means 
under  the  spherical  cap  must  only  be  compressed 

75  upon  radial  shock  loads,  while  for  axial  shock  loads 
they  must  have  such  a  pre-compression  that  the 
resilient  means  in  the  sleeve-like  housing  extending 
through  the  spherical  structure  will  function  only. 
As  a  consequence,  an  independent  control  of  the 

20  axially  and  radially  acting  acceleration  components 
on  the  mass  becomes  extremely  difficult. 

Still  another  disadvantage  is  that  there  is  no 
provision  for  adjusting  -  after  assembly  -  the  pre- 
compression  component  in  the  spring  system  in 

25  the  radial  direction,  i.e.,  against  the  tilting  direction 
of  the  support  member,  for  example,  for  final  fine- 
control,  or  for  adjusting  the  pre-compression  in  the 
various  tilting  directions  of  the  support  member  as 
desired. 

30  Still  another  objection  is  that  the  complemen- 
tary  spherical  segment,  along  with  the  annular  ele- 
ment,  makes  the  spring  system  rather  broad  as 
viewed  in  cross  section. 

It  is  an  object  of  the  present  invention  to  sub- 
35  stantially  overcome  the  above  drawbacks  and  dis- 

advantages.  This  object  is  achieved,  according  to 
the  present  invention,  by  providing  that  a  bottom 
end  of  said  resilient  support  member,  located  op- 
posite  its  upper  end  and  facing  said  base  plate  is 

40  omnidirectionally  pivotable  about  its  centre  line  by 
means  of  a  pivot  which  is  fixed  relative  to  said 
base  plate,  and  that  resilient  centring  means  are 
provided  to  cooperate  with  said  resilient  support 
member  for  radially  supporting  said  resilient  sup- 

45  port  member  relative  to  its  fixed  pivot,  the  arrange- 
ment  being  such  that  when,  owing  to  a  shock  load, 
said  support  member  pivots  relative  to  its  pivot, 
said  resilient  support  member  can  be  returned  to 
its  starting  position. 

so  It  is  achieved  with  the  invention  that,  as  the 
resilient  support  member  pivots  about  the  om- 
nidirectional  pivot,  this  support  member  supports 
the  mass  relative  to  the  base  plate,  while  the  sup- 
port  member  can  move  into  each  of  its  radial 
directions,  but  also  that  the  axial  and  radial  resilient 



EP  0  355  931  A1 

Fig.  4  shows,  in  axial  cross-sectional  view,  a 
fourth  embodiment  of  the  spring  system. 

The  spring  system  shown  in  Fig.  1  comprises  a 
base  plate  mounting  a  cylindrical  odter  housing  2, 

5  at  the  top  of  which  resilient  centring  means  3  are 
mounted.  The  centring  means,  here  formed  as  an 
annular  element,  consist  of  an  annular  band  4,  to 
which  circumferentially  spaced  sleeves  5  are  se- 
cured  to  extend  radially  inwardly,  which  sleeves  are 

w  slidingly  received  in  a  sliding  socket  6,  which  sock- 
ets  are  secured  to  the  top  of  the  outer  housing  2. 
Each  of  sleeves  5  slidingly  mounts  a  pin  7,  the  free 
ends  8  of  which  bear  on  the  side  wall  9  of  a 
cylindrical  inner  housing  10  located  coaxially  within 

75  the  cylindrical  outer  housing,  and  forming  part  of  a 
resilient  support  member  11. 

The  resilient  support  member  11  consists  es- 
sentially  of  the  cylindrical  inner  housing  or  spring 
housing  10,  referred  to  above,  in  which  a  first 

20  spring  support  12  is  slidable  up  and  down  within 
spring  housing  10,  and  in  its  lowermost  position  is 
in  contact  with  a  bottom  member  13  formed  as  a 
bottom  cover  and,  for  example,  screwed-in  at  the 
bottom  of  the  spring  housing,  and  a  second  spring 

25  support  14,  also  movable  up  and  down  within 
spring  housing  10  and,  in  its  uppermost  position 
being  in  contact  with  a  top  member  15  formed  as  a 
top  cover  screwed-in  at  the  top  of  the  spring  hous- 
ing. 

30  This  second  spring  support  14  has  an  axial 
sleeve  16  extending  centrally  through  the  top  cover 
15,  through  which  sleeve  a  guiding  shaft  17  ex- 
tends,  around  which  the  sleeve  16  can  slide.  Shaft 
17  has  its  one  end  coupled,  for  example  by  means 

35  of  a  screw-thread  joint  18,  to  the  first  spring  sup- 
port  12,  while  its  other  end  carries  an  omnidirec- 
tional  pivot  19  which  is  slidable  along  shaft  17,  and 
held  in  position  by  means  of  a  collar  20,  for  exam- 
ple,  a  nut,  and  sleeve  16,  which  is  slidable  along 

40  the  shaft.  Pivot  19  is  a  so-called  omnidirectional 
pivot,  and  is  designed  for  coupling  a  mass  21  ,  not 
shown  in  any  detail,  which  is  to  be  resiliency  sup- 
ported. 

The  bottom  cover  13  of  spring  housing  10  is 
45  coupled  to  an  omnidirectional  pivot  22  which  is 

secured  about  base  plate  1  in  such  a  manner  that 
the  resilient  support  member  11  can  move  om- 
nidirectionally  through  relatively  large  angles  ar- 
ound  pivot  22  without  touching  base  plate  1  . .  

50  If  desired,  pivot  10  can  be  vertically  adjusted 
relative  to  the  base  plate  by  adjusting  means  23. 

It  is  clear  that  the  centre-lines  of  pivots  19  and 
22  are  co-extensive  with  the  axis  of  guide  shaft  17 
when  the  latter  is  in  the  rest  position. 

55  If  desired,  pivot  22  can  be  replaced  by  a  uni- 
versal  joint. 

Provided  between  the  two  first  and  second 
spring  supports  12  and  14  is  a  bi-directional  spring 

supports  are  separated  and  can  be  adjusted  in- 
dependently  of  each  other. 

Owing  to  the  use  of  the  fixed  pivot,  the  resilient 
support  member  only  needs  to  be  centred  with  the 
help  of  the  centring  means  with  respect  to  its  radial 
directions  of  movement  in  order  to  absorb  the 
forces  acting  on  the  support  member  in  the  radial 
directions,  and  this  can  be  realised  in  a  relatively 
simple  manner,  and  in  addition  with  relatively  small 
centring  means,  as  in  fact  the  weight  of  the  mass 
can  be  left  substantially  out  of  account. 

Thus,  in  a  preferred  embodiment,  the  resilient 
centring  means  is  an  annular  resilient  element 
mounted  coaxially  with  said  support  member  and 
supported  relative  to  said  base  plate,  and  which 
annular  element  tends  to  return  said  resilient  sup- 
port  member  to  its  rest  position  when  it  has  been 
tilted  out  of  said  rest  position  relative  to  its  pivot. 

Preferably,  the  annular  element  comprises  a 
circular  band  spaced  around  said  support  member, 
and  a  plurality  of  axially  adjustable  first  centring 
and  biasing  means  spaced  about  said  band  and 
projecting  therefrom  to  said  support  member,  said 
centring  and  biasing  means  having  free  ends  bear- 
ing  on  the  wall  of  said  support  member. 

Such  centring  means  according  to  the  inven- 
tion  only  occupy  little  space,  and  are  particularly 
suitable  for  carrying  out  a  fine  control  for  the  radial 
adjustment  after  assembly. 

In  order  to  make  the  spring  system  as  compact 
as  possible,,  in  another  preferred  embodiment  ac- 
cording  to  the  invention,  the  annular  element  is  a 
resilient  element  disposed  between  the  base  plate 
and  the  bottom  end  of  the  support  member,  with 
the  pivot  as  its  centre.  If  desired,  the  resilient 
annular  element  can  be  given  a  desired  pre-com- 
pression  with  the  help  of  axially  adjustable  second 
centring  and  biasing  means  connected  to  the  sup- 
port  member  and  arranged  between  the  vertical 
biasing  means  and  the  bottom  end  of  the  support 
member. 

For  the  axial  adjustment  of  the  support  mem- 
ber  with  the  adjustable  centring  and  biasing  means, 
the  omnidirectional  pivot,  for  example,  a  ball  joint, 
can  be  made  vertically  adjustable  by  adjusting 
means  (for  example,  a  threaded  bolt)  relative  to  the 
base  plate. 

Some  embodiments  of  the  present  invention 
will  now  be  described,  by  way  of  example,  with 
reference  to  the  accompanying  drawings.  In  said 
drawings, 

Fig.  1  shows,  in  axial  cross-sectional  view,  a 
first  embodiment  of  the  spring  system  according  to 
the  invention; 

Fig.  2  shows,  in  axial  cross-sectional  view,  a 
second  embodiment  of  the  spring  system; 

Fig.  3  shows,  in  axial  cross-sectional  view,  a 
third  embodiment  of  the  spring  system;  and  " 
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24,  which  is  capable  of  absorbing  axial  impact  load 
components.  It  is  clear  that  this  spring  24  can  be 
replaced  by  any  suitable  resilient  construction, 
such  as  a  Belleville  washer,  a  helical  spring,  a 
pneumatic  spring,  or  a  resilient  material,  for  exam- 
ple,  rubber,  or  combinations  thereof. 

This  spring  24  can  be  mounted  between  the 
two  spring  supports  12  and  14  under  a  desired  pre- 
compression,  while  the  clearance  between  the  two 
spring  supports  and  the  upper  and  lower  covers  13 
and  15  can  be  reduced  to  zero  by  screwing  the  top 
or  bottom  cover  13,  15,  or  both,  into  the  spring 
housing  10  or  otherwise.  If  desired,  these  covers 
can  be  welded  or  clamped  to  the  spring  housing, 
after  spring  24  has  been  placed  within  the  spring 
housing  under  a  pre-compression.  In  the  case  of 
screwed-in  covers  13  and  15,  these  covers  are 
particularly  suitable  for  fine-control  purposes  after 
assembly  within  the  spring  housing  10. 

To  absorb  radial  impact  load  components  act- 
ing  on  the  resilient  support  member  1  1  ,  the  annular 
band  4  spaced  around  spring  housing  10  may  be 
made,  for  example,  of  a  resilient  material,  for  ex- 
ample,  rubber,  which  is  given  a  certain  pre-stress 
sufficient  to  centre  the  resilient  support  member  1  1 
in  the  desired  rest  position  at  a  given  static  radial 
load.  Also,  any  clearance  between  the  free  end  8  of 
pins  -7  and  spring  housing  10  can  be  reduced  to 
zero,  for  example,  by  screwing  the  pins  into  or  out 
of  their  sleeve  5,  as  a  result  of  which  the  support 
member  11  will  become  accurately  re-positioned 
after  being  subjected  to  a  shock  load.  Owing  to  the 
adjustability,  corrections  can  be  made  in  a  simple 
manner,  should  this  be  necessary  or  desirable.  By 
means  of  the  screwed-in  pins  7,  the  pre-stress  in 
band  4  can  be  accurately  adjusted  to  the  desired 
value.  By  providing,  for  example,  a  separate  adjust- 
able  bushing  (not  shown)  around  sleeves  5  in  the 
outer  housing  2,  or  by  providing  washers,  not 
shown  either,  between  the  head  of  sleeves  5  and 
outer  housing  2,  it  is  possible  to  reduce  any  clear- 
ance  to  zero,  and  thus  to  ensure  a  high  precision  in 
the  repositioning  of  support  member  11.  In  other 
words,  the  radial  counter  pressure,  distributed  over 
the  circumference,  can  be  set  at  different  values, 
which  makes  for  fine  control  of  the  radial  spring 
pressure,  in  particular  after  the  assembly  of  the 
whole  spring  system. 

Instead  of  being  made  of  a  resilient  material, 
the  annular  band  4  may  be  made  of  steel,  for 
example.  If  desired,  this  steel  band  can  be  secured 
direct  to  the  outer  housing  2,  omitting  sliding 
sleeve  6,  or  can  be  omitted  altogether,  in  which 
case  the  upper  end  portion  of  outer  housing  2 
functions  as  the  steel  band,  for  which  purpose 
sleeves  5  are  secured  direct  to  such  upper  end 
portion.  In  these  cases,  pins  7  may  for  example  be 
mounted  for  sliding  movement  in  their  relative 

sleeves  5,  while  for  example  an  adjustable  air  pres- 
sure  or  oil  pressure  can  be  supplied  to  the  interior 
of  the  sleeves.  It  is  also  possible  to  provide  a  pre- 
compressed  spring  in  the  sleeves.  In  the  simplest 

s  case,  the  centring  means  3  may  take  the  form  of  a 
pre-stressed  resilient  annular  element  secured  di- 
rect  between  the  top  of  outer  housing  2  and  the 
wall  9  of  spring  housing  10. 

Fig.  2  illustrates  an  embodiment  of  the  spring 
10  system  in  which  the  centring  means  3  take  the 

form  of  an  annular  element  24  of  a  resilient  ma- 
terial,  such  as  rubber,  mounted  co-axially  on  spring 
housing  10  between  base  plate  1  and  the  bottom 
cover  13,  and  wherein  the  height  of  this  annular 

15  element  can  be  selected  so  that  it  is  at  least  equal 
to  the  distance  between  the  base  plate  and  the 
bottom  cover.  To  provide  a  pre-stress  in  the  resil- 
ient  material,  the  height  of  the  annular  element  may 
be  greater  than  the  distance  between  the  base 

20  plate  and  the  bottom  cover.  It  is  also  possible  for 
the  pre-stress  to  be  controlled  by  the  adjusting 
means  23  for  securing  and  setting  the  height  of 
pivot  22.  If  desired,  the  annular  element  24  can  be 
replaced  by  any  other  suitable  spring  construction, 

25  for  example,  helical  springs  or  pneumatic  springs. 
Fig.  3  shows  an  embodiment  identical  to  that  of 

Fig.  2,  except  that  here  the  pre-stress  in  the  an- 
nular  element  24  is  provided  by  axial  pre-compres- 
sion  means  25  which,  on  the  one  hand,  are  con- 

30  nected  to  spring  housing  10  and,  on  the  other, 
confine  the  annular  element  24,  under  a  pre-stress, 
against  bottom  cover  13.  Care  is  taken  that  at  least 
a  portion  of  the  annular  element  continues  to  rest 
on  base  plate  1  to  prevent  the  support  member  1  1 

35  with  mass  21  from  tilting  relative  to  pivot  22  in  their 
rest  position.  This  can  be  controlled,  for  example, 
by  means  of  a  screwed-in  ring  26  against  the 
underside  of  the  annular  element  24,  or  by  chang- 
ing  the  height  of  pivot  22  relative  to  base  plate  1, 

40  for  example,  by  screwing  in  or  out  to  reduce  any 
clearance  between  the  annular  element  and  the 
base  plate  to  zero. 

Fig.  4  illustrates  a  variant  of  the  axial  pre- 
compression  means  25,  in  which  the  pre-stress  in 

45  the  annular  element  can  be  adjusted  as  desired,  for 
example,  after  assembly,  by  adjusting  means  27. 

It  is  noted  that,  as  in  all  embodiments  shown, 
the  resilient  support  member  1  1  rests  on  pivot  22, 
the  weight  of  the  mass  21  to  be  supported  is 

so  carried  by  the  pivot,  so  that  the  centring  means  3 
only  need  to  absorb  the  radial  impact  load  compo- 
nents  and,  accordingly,  these  centring  means  can 
be  constructed  relatively  small,  a  compact  spring 
construction  is  possible,  and  controllable,  indepen- 

55  dent  axial  and  radial  values  of  the  acceleration 
forces  on  mass  21  become  possible. 



EP  0  355  931  A1 

characterized  in  that  the  pivot  (22)  is  adjustable  in 
height  relative  to  the  base  plate  (1)  by  adjusting 
means  (23)  for  pre-compressing  said  annular  ele- 
ment  (24)  between  the  base  plate  (1)  and  the 
bottom  end  (13)  of  the  support  member. 

Claims 

1.  A  spring  system  for  resiliency  supporting  a 
mass  to  be  subjected  to  loads  relative  to  a  base 
plate,  said  spring  system  comprising  a  resilient  5 
support  member  movable  between  said  base  plate 
and  said  mass,  said  support  member  having  an 
upper  end  movably  coupled  to  said  mass,  char- 
acterized  in  that  the  bottom  end  (13)  of  said  resil- 
ient  support  member  (11),  located  opposite  said  w 
upper  end  and  facing  said  base  plate  (1)  is  om- 
nidirectionally  pivotable  about  its  centre  line  (17)  by 
means  of  a  pivot  which  is  fixed  relative  to  said 
base  plate  (1),  and  that  resilient  centring  means  (3) 
are  provided  to  cooperate  with  said  resilient  sup-  75 
port  member  (11)  for  radially  supporting  said  resil- 
ient  support  member  (11)  relative  to  its  fixed  pivot 
(22),  the  arrangement  being  such  that  when,  owing 
to  a  shock  load,  said  support  member  pivots  rela- 
tive  to  its  pivot  (22),  said  resilient  support  member  20 
can  be  returned  to  its  starting  position. 

2.  A  spring  system  as  claimed  in  claim  1, 
characterized  in  that  said  centring  means  (3)  is  an 
annular  spring  element  mounted  coaxially  with  said 
support  member  (11)  and  supported  relative  to  said  25 
base  plate  (1),  and  which  annular  element  tends  to 
return  said  resilient  support  member  (11)  to  its  rest 
position  when  it  has  been  tilted  out  of  said  rest 
position  relative  to  its  pivot  (22). 

3.  A  spring  system  as  claimed  in  claim  2,  30 
characterized  in  that  said  annular  element  com- 
prises  a  circular  band  (4)  spaced  around  said  sup- 
port  member  (11),  and  a  plurality  of  axially  adjust- 
able  first  centring  and  biasing  means  (5,  7,  8) 
spaced  about  said  band  and  projecting  therefrom  35 
to  said  support  member,  said  centring  and  biasing 
means  having  free  ends  (8)r  bearing  on  the  wall  (9) 
of  said  support  member  (11). 

4.  A  spring  system  as  claimed  in  claim  3, 
characterized  in  that  the  band  consists  of  a  resilient  40 
material. 

5.  A  spring  system  as  claimed  in  claim  3, 
characterized  in  that  the  band  (4)  is  a  non-resilient 
material,  and  that  said  first  centring  and  biasing 
means  (5,  7,  8)  are  adjustable  resilient  members.  45 

6.  A  spring  system  as  claimed  in  claim  2, 
characterized  in  that  said  centering  means  (3)  is  an 
annular  element  mounted  between,  and  in  engage- 
ment  with,  said  base  plate  (1)  and  the  bottom  end 
(1  3)  of  said  support  member  (1  1  ).  50 

7.  A  spring  system  as  claimed  in  claim  6, 
characterized  by  second  centring  and  biasing 
means  (25)  connected  to  the  support  member  (11) 
for  giving  said  annular  element  (24)  an  adjustable 
pre-stress  between  these  vertical  biasing  means  55 
and  the  bottom  end  (13)  of  the  support  member 
(11). 

8.  A  spring  system  as  claimed  in  claim  7, 
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